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| INTRODUCTION 


- The Civil Engineering Laboratory (CEL) began its work on OTEC 
anchor systems in May 1975. The Phase I effort was directed toward 
identifying those anchor types best-suited for mooring OTEC. First, a 
state-of-the-art review was conducted, collecting all available informa- 
tion necessary to analytically scale the existing anchor types up to the 
sizes required to moor OTEC [1]. Second, the existing anchor types were 
scaled up to provide the required holding capacities in five possible 
seafloor materials. Those anchor types proving unfeasible or impracti- 
cal were omitted from further consideration. The configurations of_the 
remaining anchor types were optimized to provide a high ratio of lateral 
holding capacity to weight [2]. Recommendations of anchor types for 
OTEC are presented in Reference 3. In September 1976, the Phase Ila 
anchor effort was initiated to: (a) evaluate fabrication, transport, 
lowering, and seafloor construction techniques and their impact on the - 
_ proposed anchor designs; (b) select those anchor designs offering an : 
optimal balance between technical feasibility and cost; and (c) prepare 
a plan for development, outlining the shortcomings in present analytical 
techniques and construction/installation equipment capability and recom- 
mendirg a course of action necessary to overcome these problems. Phase 


IIa is now complete and is reported herein. 
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ANCHOR CONCEPTS DEVELOPED 
Site and Loading Conditions 


The assumed site and anchor loading conditions are based on two 
quite different environments: (1) a benign, deep ocean environment and 
(2) a demanding, Gulf Stream Envsiconment® Also, the loading conditions 
are based on two different sets of plant size and mooring configuration 
with (1) one set applied during study Phase I, for the selection of 
anchor types, and (2) a second, less-all-inclusive set applied during 
study Phase IIa, for the selection of anchor installation techniques. 
An explanation of the differences in the assumed loading conditions 


follows. 


Phase I. In the deep ocean environment, water depths range from 
2,000 to 6,000 m (6,000 to 20,000 ft). The seafloor material is calcar- 
eous 00ze or pelagic clay. Wind and current load on the power plant was 
estimated to be about 9 MN (2 x 10° lb) [4,5]. For the Phase I effort, 
a safety factor of two was applied, yielding an ultimate horizontal 
component of mooring line load at the anchor of 18 MN (4 x 10° lb). The 
mooring line angle with the horizontal was assumed to range from 0 to 
1.4 rad (80 deg), depending on the mooring system design (Figure 1). 
Raising the mooring line angle from the horizontal introduces a vertical 
load component at the anchor. At a mooring line angle of 1.4 rad, this 
vertical load component amounts to 160 MN (23 x 10° 1b). 

In the Gulf Stream environment, water depths expected are about 560 
to 1,000 m (1,500 to 3,000 ft). The likely seafloor material is sand, 
gravel, or rock. Loads on the power plants in the Gulf Stream environ- 
Ment are approximately 10 times those in the deep ocean envirenment 
(4,5], resulting in an assumed ultimate horizontal component of mooring 
line load at the anchor, with a safety factor of two, of 180 MN (40 x 10° 1b). 
For this environment, the mooring line angle with the horizontal was 
assumed to range from 0 to a maximum of 0.8 rad (45 deg), depending on 
the mooring system design (Figure 2). The vertical load component 


corresponding to a line angle of 0.8 rad is 180 MN (40 x 10° 1b). 
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Phase IIa. When the Phase Ila was initiated in September 1976, 1 
year after Phase I, information generated in other areas of the OTEC 
program suggested that the OTEC platforms would likely be scaled down in 
size, thus reducing the horizontal component of load assumed acting on 
the anchor. Further, CEL engineers had concluded that the use of high 
mooring line angles — i.e., greater than 0.8 rad (45 deg) — would be 
undesirable not only because of the greater vertical load capacities 
required of the anchors, but also because of the much greater mooring 
line loads accompanying the higher line angles. For these reasons, the 
loading conditions were modified (reduced in magnitude) to the follow- 


-ing: 


(1) for the deep ocean environment, the maximum horizontal loading 


was reduced to 9 MN (2 x 10° 


reduced to 9 MN (2 x 10° lb) 


lb), and the maximum vertical loading was 


(2) for the Gulf Stream environment, the maximum horizontal loading 
was reduced to 90 MN (20 x 10° lb), and the maximum vertical loading was 


reduced to 90 MN (20 x 10° 1b). 


Selection of Anchor Types for OTEC 


‘Anchor Types Considered. The anchor types were placed in four 
groups to facilitate evaluation (Figure 3): (1) plate anchors (steel 
plates which are driven edgewise, vertically, deep into the seafloor and 
then rotated into a horizontal position); (2) drag embedment anchors, 
such as the STATO, Paravane, or Bruce; (3) pile anchors; and (4) 


deadweight anchors. 
Elimination of Unsuitable Anchors. 


(1) Plate anchors. Plate anchors were eliminated early in the 
anchor selection process because they are simply not suited to develop- 
ing the mooring line capacities required for OTEC in deep water. Develop- 
ment of the driving system (gun, vibratory hammer, etc.) to drive the 


plates would be a major effort. Further,'this effort would be expended 
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on an anchoring technique which is not particularly efficient for very 
large sized plates; e.g., 3 m on a side, because of the embedment dis- 


tance given up during keying of the fluke [2,3]. 


(2) Drag embedment anchors. Drag embedment anchors were eliminated 
as a contender because these anchors require a near horizontal mooring 
line at the seafloor during embedment or "setting". This near-horizontal 
mooring line can be achieved only by supplying sufficient deadweight 
ahead of the anchor, in the form of heavy chain or sinkers, to balance 
the vertical load component in the mooring line to the platform. It is 
this configuration that is most commonly used to moor drilling platforms 
(ship, semisubmersible), but drilling platforms are operating in much ee] 
shallower water depths than those of the proposed OTEC plants. As will | 
be shown in the "Anchor Lowering" section, lowering of the required 
deadweight (chain, sinkers, etc.), weighing perhaps 9 to 18 MN (2 x 10° 
to 4 x 10° lb) is a difficult task, requiring special heavy lift equip- 
ment. —— 

There are additional] reasons for eliminating the drag embedment 
anchor from further consideration. First, the drag embedment anchor 
would be a poor performer in the case of a single-point moor because it 
is not omnidirectional: The drag embedment ancher will pull out if the 
direction of load is changed markedly as will typically occur in the ~ 
deep ocean environments: Second, industry is not capable presently of 
manufacturing single anchors large enough to develop the required hold- 
ing capacity for a mooring leg (assuming 1 to 12 legs). Thus, a group 
of anchors, in tandem or in series, would have to be used at each anchor- 
ing point with all the attendant problems of load handling and position- 
ing ir deep water. It is the first reason given, however, (i.e., the 
large deadweight needed to balance the vertical component of load) that 
is most significant in removing the drag embedment anchor from further 


consideration for OTEC use. 


* 
One anchor type — the Bruce — is advertised as maintaining 
its embedment with load direction change, but this claim e 
remains to be verified for full-scale anchors. 
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Relative Merits of Pile and Deadweight Anchors. By process of 


elimination, then, pile and deadweight type anchors remain as more 
suitable for use for OTEC. The relative merits of pile versus dead- 
weight anchors, as applied to mooring OTEC, have been presented thoroughly 
elsewhere [2,3,6]. What follows are brief summaries of the relative 
merits of these anchors in each ocean environment being studied. 

In the typical deep ocean soil profile, piles offer a low lateral 
load versus material weight efficiency, the efficiency being only slightly 
better than that of deadweight anchors. The installed cost of the pile 
system would be higher than that of the deadweight. Further, installation 
of the pile group anchor is more complicated and requires a longer 
weather window. For these reasons, the deadweight anchor was selected 
as the better anchor type for use in the deep ocean. 

When the pile and deadweight anchor types are sized to resist the 
loadings of the Gulf Stream environment, the efficiency balance is noted 
to shift quite markedly toward pile-type anchors when on rock seafloors. 
The seafloors beneath the Gulf Stream, where the Stream is close to 
land, frequently are rock. These high-strength, near-surface materials 
can be utilized to resist the high horizontal load component. Thus, the 
pile section design can be changed considerably, thereby significantly 
increasing the efficiency of the pile-type-anchor-over-that of the r 
deadweight. A modified pile anchor design for use in hard seafloors 


will be presented late: in this report. 
Anchor Lowering 


The above discussion considers only in-place, service performance 
of the pile and deadweight anchor types. These anchors, or components 
of them, must be transported to an OTEC anchor site and then lowered 
through the water column and safely emplaced on/in the seafloor. 
Assuming a mooring line angle of 0.8 rad (45 deg) at the anchor, the 


deadweight anchor for the deep ocean environment will weigh about 31 MN 
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insftallation techniques were considered: (1) controlled lowering in one 


lb) in air and about 18 MN (4 x 10 1b) in water. Two basic 
piwce or in five elements or (2) free-fall emplacement. 

Figure 4 graphically presents the state of the art in the handling 
of heavy loads in the deep ocean. Two cases were considered for control- 
led lowering. First, the deep ocean deadweight anchor was assumed to be 
broken into five components, each weighing 3.6 MN (0.8 x 10° lb) sub- 
merged. Second, the deadweight was assumed lowered as one unit weighing 
18 MN (4 x 10° lb) submerged. 

Tne driliship falls far short of the required lift capability. Even 


ey rz - “if the drillship were equipped with 100%-effective motion compensation, 
it would be able to lower the desired anchor components only to maximum 
depths of 2,000 m (6,000 ft). Of course such a motion compersation 
system is far from reality. 

The derrick barge, when coupled with a "pipe link" line, such as 
that proposed for mooring the Lockheed OTEC platform [4], at first 
glance appears to have significantly greater load-handling capacity than 
the drillship. However, the crane barge load capacity plotted in Figure 
4& also assumes 100%-effective motion compensation, as with the drillship 
load capacities. Further, the effect of sea and swell on the crane 
barge capacities are much more pronounced than that on the drillship 
Capacities. In addition to its load capacity limitations, the creue 
barge technique for lowering the anchor is very limited in the lowering 
rate that can be achieved. The time required to make and break the 
joints of the pipe link chain is considerablv longer than that required 
to make and break drill pipe joints: using the pipe link chain, lowering 
a five element anchor to 6,000 m (20,000 £1t:)} will take in excess of 6 
days. To make economical use ~f the derrick barge with its pipe link 
chain, the anchor would probably have to be lowered as a unit, limiting 
the maximum handling depth to about 2,000 m (6,000 ft). 

The comparison of state-of-the-art heavy-load handling systems 
shows that the Glomar Explorer is the only vessel capable of lowering 
the 13 MN OTEC anchor to water depths of 2,000 to 6,000 m (6,000 to 
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20,000 ft). That vessel has demonstrated the capcbility to apply a 
© 1b) in 5,100 m (17,000 ft) 


water depth. However, the Glomar Explorer is one of a kind, is quite 


lifting force estimated at 36 MN (8 x 10 


costly to mobilize, maintain, and operate, and may not be available when 
needed for OTEC anchor emplacements. 

The idea of dividing the anchor into components or building blocks 
as a means of reducing the payload weights was referred to above when 
discussing the possibility of anchor emplacement by drillship. The idea 
of adding buoyancy to the anchor during lowering was also investigated 
as a possible means of facilitating anchor emplacement by drillship. 
Light petroleum products (e.g., aviation gasoline), syntactic foams, and 
air-fitled pressure hulls were all considered as possible sources of 
buoyancy. Buoyancy did serve to reduce the net static load on the lift 
system; however, the added mass of the buoyancy also acted to increase 
the dynamic forces arising from vessel motion. This evaluation of buoy- 
ancy assist in anchor handling showed that the probability of developing 
a snap-load condition when lowering the complete 18 MN anchor by drill- 
ship, assuming no mction compensation, was quite high. It was also 
determined that buoyancy-assist in handling 3.6 MN (0.8 x 10° 1b) anchor 
components by drillship (again assuming no motion compensation) would 
make technically feasible the controlled lowering of those components to 
water depths of 6,000 m (20,000 ft). A buoyancy system using air-filled 
pressure hulls, reusable for lowering several OTEC anchors, is the best 
buoyancy assist approach. However, this system requires five trips to 
the seafloor to complete the anchor installation. In addition, a sophis- 
ticated seafloor positioning control system would be required in order 
to assemble the anchor components on the seafloor. 

In summary, techniques and systems for contrelled lowering and 
emplacement of the 18 MN OTEC axchor are technically feasible, but will 
prove complicated and expensive. 

Initially, free-fall emplacement of 18 MN anchors, though con- 
sidered, was not highly regarded because of apprehensions regarding 


stability during free-fall and structural integrity on landing. The 
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free-fall concept does have certain inherent advantages: it is simple, 
requires no special equipment, and requires very little ship time on 
station for installation. Conceptual development of the free-fall 
concept has built confidence in the advantages of the free-fall concept 
and has largely dispelled apprehensions regarding stability and st-ruc- 


tural integrity. 


Anchor Systems Developed 


Free-Fall-Emplaced Deadweight. The free-fall-emplaced deadweight 
anchor (Figure 5) is a direct descendant of the high lateral load capa- 
city deadweight puchor designed for controlled lowering [2,3,6]. The 
grid pattern shear keys of the controlled lowering design has been 
changed to a radial pattern to provide easy egress for the trapped water 
beneath the anchor during landing on the seafloor. Also, the periphery 
of the anchor has been fitted with a device to control vortex shedding 
to minimize pitching motion during free-fall. Otherwise, the free-fall 
configuration is the same as the controlled lowering configuration 
(except for being circular instead of square). The free-fall anchor has 
been designed for a mooring line load with components of 9 MN (2 x 10° 
1b) horizontal and 9 MN (2 x 10° 1b) vertical — line angle of 0.8 rad 
(45 deg) with the horizontal — (Phase Ila loading). The free-fall 
anchor for the Phase Ila loading conditions weighs 18 MN (4 x 10° 1b) in 


seawater and is 33 m (110 ft) in diameter. Air weight for the anchor 


would be about 31 MN (7 x 10° lb). 


The free-fall anchors will be constructed in the dry in a shipyard 
atmosphere. _The construction material will very likely be reinforced 
concrete with some DESSELessinip in critical areas. The anchors will be 
transported to the OTEC sites either on barges, or by making the anchors 
themselves temporarily buoyant and towing them. - Loading of a 31 MN (7 x 
10°-1b) payload on a barge and transporting the payload are demonstrated 
offshore oil-platform installation capabilities. 

Offloading of a nonbuoyant payload weighing 18 MN (4 x 10° lb) in 
seawater has not been done before, but the feat does not appear overly 


difficult. Alternatively, the anchor itself can be made to resemble a 
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barge by adding temporary buoyancy topeide to safely float the anchor 
during its long tow to the OTEC site. Once at the site, the buoyancy 
compartments would be flooded to initiate the free-fall descent. 

The mooring line can be installed either by carrying it to the 
seafloor on the anchor during emplacement or by lowering and attaching 
the line to the anchor after emplacement. If the mooring line is car- 
ried to the seafloor on the anchor, then the upper end would be released 
from the anchor after seafloor contact and will be returned to the 
surface by a syntactic foam-filled float. If the seafloor end of the 


mooring line is attached after anchor emplant, the line lowering, position- 


.ing, and attachment operation would probably be-carried out by an appro- 


priately equipped drilliship. 

Tests with a 0.15-m (6-in.) diameter, scaled model of the free-fall 
anchor showed that the anchor is stable during free-fall: the anchor 
will quickly right itself to a horizontal attitude; it does not translate 
nor rotate during free-fall; and pitching moticns are not of serious 
magnitude — about +0.1 rad (+6 deg). Terminal velocity of the prototype 
is predicted to be 6 m/s (20 fps) or less. 

The structural integrity of the proposed free-fall anchor on land- 
ing has not been verified, because the force history and pressure distri- 


bution on the anchor during loading are not known. Development of this 


force and pressure data will require a better understanding of the 


interaction between the anchor, the water, and the soil on landing for 
all possible anchor — seafloor orientations. Then structural analysis 
and design of the anchor can proceed. Time and funding limitations have 
precluded such an analysis. However, an approximate analysis did show 
that structural integrity of the free-fall deadweight, when landing .on 
typical deep ocean soil seafloors, will probably not be critical. Even 
if this preliminary finding should prove faulty, structural integrity 
during landing can be maintained by decreasing the free-fall velocity of 
the anchor system. The velocity can be decreased by decreasing the 
submerged weight of the anchor during free-fall by temporarily adding 
buoyancy or by increasing the drag on the anchor system by adding drogue 


buoys. 
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The free-fall-emplaced deadweight anchor system is also usable on 
soil seafloors in the Gulf Stream environment, provided that the sea- 
floor is sufficiently compliant to ensure landing and complete embedment 
of the shear keys without the occurrence of structural distress in the 
anchor. Rather than using one very large anchor to resist the 180-MN 
(40 x 10°-1b) ultimate lateral load, multiple free-fall deadweight 
anchors, weighing about 20 MN (5 x 10° 1b) submerged each, would pro- 
bably be used. Individual mooring lines would connect the plant to each 
anchor with load among lines equalized by an automatic system on the 


plant. 


Pile Group. The seafloors at some potential OTEC power plant 
Sites, notably some of those in the Gulf Stream adjacent to the U. S. 
coast, will be locally uneven and noncompliant or hard (rock-like). A 
deadweight anchor is not efficient in developing lateral load capacity 
on such hard seafloors. Further, a free-fall-emplaced deadweight anchor 
will very likely suffer serious structural damage if landed on an unyield- 
ing, rock-like seafloor. In these local areas of near-surface or exposed 
hard material, an anchor incorporating piles will often provide the 
desired anchor holding capacity with far less material weight and pro- 
bably at lower cost (neglecting technology development costs). 

The vertical component of mooring line load and overturning forces 
on the pile cap/framework would be resisted by tension piles 0.4 to 
0.8 m (15 to 30 in.) in diameter by 40 m (130 ft) in length (Figure 6). 
The horizontal load component would be resisted by short, large diameter 
stub piles acting much like shear pins between the pile cap and the rock 
mass. Quite likely, the upper ends of the tension piles will be reamed 


out to serve as the "Shear piles," 


as shown in Figure 6. 

Installation of the pile group anchor would be carried out by SH 
lowering a 4-MN (1 x 10° lb) submerged framework to the seafloor. 
Lowering of this framework in 500- to 1,000-m (1,500 to 3,000-ft) water 
depths would be handled by a crane barge or possibly by a drillship 
(Figure 4). The framework would initially serve as a guide during pile 
installation. After the pile shells had been grouted into the guides, 


the framework would serve to distribute the mooring force from the 
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emoring line attachment point to the individual piles. Drilling of 
oles for the piles would be done from a drillship using conventional 
drillhole re-entry techniques for maneuvering the drill-string into the 
framework dritl guides. "Walking" of the drill bit om the rock surface 
would be prevented by the drill guides. Required drill bit feed thrust 
would be reduced to manageable magnitudes by developing a hydraulic- 
powered, rotary impact tool for drilling of holes up to 0.8 m (30 in.) 
in diameter. Pneumatic tools are now available for drilling such holes 
in shallow water depths [7]. Hydraulically powered, rotary impact 


tools, suitable for drilling holes up to 100 mm (4 in.) diameter in 


“water depths of 1,000 m (3,000 ft), have been developed [8]- Thus, when 


needed, the required 0.8-m-(30-in.) diameter rotary impact drill can be 


developed. Sufficient thrust for conventional reaming of the upper 


drillhole to diameters of 2 m (6 ft) can be developed by hanging a drill 


collar-like assembly from the reamer bit and allowing the reamer bit to 
support this mass in the tension pile drillhole. 

After each drillhole is completed, a steel tension member and 
integral shear collar would be grouted into the drillhole and template 
drill guide using conventional techniques. The drillship would later 
attach the mooring line to the anchor framework attachment point. 


Procedures for analysis of pile group anchors on hard (rock) sea- 


“ffoors are satisfactory; however, those procedures for design and instal- 


lation would definitely require improvement and development before a 
pile anchor design is selected for an OTEC plant. 
Such improvement and development of the pile anchor system is not 


warranted at this time because its use by OTEC plants is foreseen to be 


very limited and because, when used, the pile anchor system will be 


quite expensive and time-consuming to install. ‘Postponing and possibly 
cancelling development of the pile anchor system does not mean that OTEC 
exploitation of the thermal difference resource in the Gulf Stream area 
should also be postponed or abandoned. Rather, siting of the OTEC 
plants will depend on finding a seafloor environment suitable for using 
free-fiall deadweight anchors; i.e., several meters of unconsolidated 


sediments overlying rock. Available information indicates that most of 


11 


weinhp eee Vitae e) "cue eae ; . 
a Saale tion ie Ta ah a ee " va 
Loan y aa 
easy ; so alien pent day Zibvesibaal beam AGS ; ye aii me i : 
| Leastgirpesion pakew qisettisb. a mer oanh od biww anita saad ge i, . ae 
; . gol wank ge rene LDR GB: ofa gai savu aan eel ganpdnss 37 “eadaietag wid! ‘he Big 
doutnoe sii 9) no, aa0 10255 odd fo geht, ood teg Hae Aa 


deavaits ‘best re Et gab. boa towed, | ebb, Pigab eae gd boty aa Wis 
“eaueahigil jniqolares xf oobinphagen Wiferpanae 02 satiog ad Riau 
oogvee Of) ot 0.0 02 qu pafod, to andi rat 40 tees fo ecg seen cheieenag 
wokoil dauk yokltiib do eideliovs Vom ah Wield ahspwuat coadamiaib ae 
eam loader \teraveg yltaoertght PRY rhage vadew mot se 
2 pak sestanietb Comet A) ame OO“ OS gu sao qakllixb so) aliedhve Whee. 
: wth eeudt [8] bagolaved nodd sad , (12 00/0) w ObUL Sol aatqed aaa 
nae od tt ‘bhest doetyunt yecdod 2osame th { aD AMR. © botatupe’y oa? a a 
ae ; asa nga he’ Barkers Leno,stiavens 2k ‘haostd SaedrEwe bbyateyeh 9 
CD Stith @ gaignad ye bagofevel of nas (22 a) aS Yo Wialsianlb 6a wtadtelan® | eet 
Ris 61 40 ammen ot) guivedia bea at someay ald eax? iaienes ottomiie 
hai a | opedthtay aig notuidit sity mi vie ehdy JeaaGNa TA 
bare ‘ian ogivess fneta 6 Pose ignos ‘ee whedttinb ond death | i 
ndelqnsd haw. alogk inp, sta osak baduarg ht pie en bios Susie Langoset an 
/ aadet bfsow gidattivh lat .teuptadsey Zenitpaernn® gutad sbiuy idigh 
agkoq. Divainity 8d 3 Jvovneay? rosie ‘wht od wet anivouw at fondie’ oe Pt 
-890 (don) biad no erodoll’ Ying wtiy ‘ww wiegtonn 20% Keasobosoe we 
* tan bre Agios tod ‘wetiiasaxg, ne big’ yapwabeid wiosantahsee 218) stout: ap sa ae Fetes 
Ieee 2 pected snenrget aieob hone Insrovenead ‘eu hinde elsaiehten bivow potent Hy 
i: valid | “" Guptg 3410 o¢ 10) Deagplea’ el wpheeb sudamh olny 


‘1 


tot # essnys redone efig edt to Snsayotsvey bem Joesdavoneml fant 
od 4 pasuesot si aionlg DATO yd ous aor aaumsod amis gida de, batasnaey 
#4 Ele moze “podaae Sig vdt (baeo sedd ,beueodd bad bad bake ar 
~gideawed bie gnitiogtie% oot iiastede, ad gn teinsnossemk? | Bia? ‘wekoosesti viahep io 
Jat. 24H? eae don aso mOTEYR. seita0n #iig e823 Xo snomgofoenb wetlinoass: : 
pita wings32 2igd 28d ot povuSHeE, gooarat i: Finks oits ais Yo dot sed toique a i = ia 
_ GatO ods Yo 'gakaks ,auddut .bonobaede 40 banaiiyay ad apts Sigute (1) 
“goteu x91 oldadine ansenion ves: spaliana sa gakbai? ag Bosgsb thy, wanslq 
‘Barebtiontosay: ia aero tndeves ,i0.+: perodtoie’ ‘ily ioebapb eo ee 
Tn Jeo gad? wsseokbat nol geurro2ni Wi tes ca gta 


ok 


ne rem ee: 


the area beneath the Gulf Stream is of this nature. It may be that 
other comstraints may also direct OTEC plant siting in this direction; 
for example, if burial of an electric power cable to shore is necessary, 


then siting on unconsolidated sediment would be a necessity. 
Anchor Selection 


Reliable, long-lasting anchor systems capable of maintaining the 
OTEC power plant on station in a single- or multiple-point moor are 
technically feasible. 

The free-fall-emplaced deadweight anchor for use on soil seafloors 
is very attractive because it does not require any specialized ship 
support except the ocean-going tugs required to tow it to the proposed 
anchor location. Because almost all of the proposed OTEC plant loca- 
tions are in areas having soii seafloors, the free-fall-emplaced dead- 
weight anchor merits high development priority. Procedures for pre- 
dicting the forces on the free-fall anchor should be gecemblediand 
verified by model tests of reliable scale. A near-prototype-scale 
free-fall anchor should be fabricated, transported, installed, and 
test-loaded, if possible, to verify all aspects of the free-fall anchor 
systen. 

Installation of the free-fall-emplaced-anchor may not be feasible 
on hard seafloors, especially on exposed rock. The lateral holding 
Capacity efficiencies and general performance of deadweight anchors on 
such seafloors (especially uneven seafloors) are not attractive. If 
OTEC anchor siting on a hard seafloor area is absolucely necessary, then 
a specialized pile anchor group installed by drillship could be used. 
Development work on a pile anchor system should be deferred until a 
necessary site floored with near surface or exposed rock has been identi- 
fied. Deferral is prudent at this time (1) because the authors antici- 
pate that most such sites can be avoided with an overall cost savings 
and (2) because the design of the pile system will be largely site 


specific with minimal benefit derived from a generalized study. 
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PLAN FOR DEVELOPMENT — OTEC ANCHORS 


As indicated above, the free-fall deadweight anchor embodies areas 
of new technology. Thus, this anchor type will require: (1) the develop- 
ment of these new technology areas and (2) a near prototype scale demonstra- 
tion to ensure contractor acceptance of this new technology. The follow- 
ing plan for development will accomplish these goals. 

The plan for development addresses only the free-fall deadweight 
anchor. The pile group anchor, intended for use on very hard seafloors 
(rock), is not addressed here because the development investment does 
not appear at this time to be warranted for the OTEC program. 

The plan for development is divided into two phases: (1) technology 
development using analytical techniques and large scale models and (2) 
an anchor system demonstration including the construction, transport, 
emplacement, and service loading of a near-prototype-size anchor. These 
two program phases are depicted in time in Figure 7. 


Technology Development Phase 


The technology development phase has been divided into the follow- 


ing three elements: 
(1) Hydrodynamic evaluation of the free-fall anchor 


(2) Description of the soil penetration-deceleration 


forces history for the anchor 


(3) Development of anchor structural design to withstand 
construction, transport, free-fall, landing, and 


service loadings. 


The elements cannot be interchanged as information generated in (1) 


is required to initiate (2) and so on. 


Hydrodynamic Evaluation. The hydrodynamic evaluation can be 
separated into two parts: behavior during constant velocity fall and 


during deceleration upon approaching the seafloor. 
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Evaluation of the behavior during free-fall would seek to minimize 
all instabilities of the anchor during free-fall, including even slight 
pitching motions, if possible. This evaluation is best carried out by 
testing models of sufficient size so as to have a drag coefficient equal 
to that of the prototype. Preliminary information indicates that a 
model 1 m in diameter, giving a scaling ratio of 1:30, will provide that 


equality. The drag coefficient for the anchor in free-fall is known to 


- be a constant for Reyrolds numbers between 10° and 10° (1-m-diameter 


model), and it is expected to remain constant for Reynolds numbers up to 
10° (30-m-diameter prototype). Data for Reynolds numbers for 10° to 


10° are not available and cannot be obtained in the laboratory; thus, a 


test of the large scale ancher is the only true test of the validity of 


this engineering judgment. After achieving a stable free-fall shape, 
this model would require further evaluation to determine the effects of 
realistic induced perturbations on stability. 

Then, evaluation of the behavior during seafloor approach is neces- 
sary to determine the water pressure distribution on the underside of 
the anchor, the velocities of the water escaping from beneath the land- 
ing anchor, and the anchor deceleration due to the trapped water (or 
water-cushion effect). An analytic approach followed by verifying moael 
tests appears appropriate to obtain this deceleration information for 
the case of a stably falling, horizontal anchor approaching a horizontal 
seafloor. Following this simple case, the more normal case of a sloped 
seafloor and a perturbed anchor must be addressed. Preliminary informa- 
tion indicates that the water-cushion effect will work to orient the 


anchor parallel to the seafloor while slowing its descent rate. Relia- 


“ble analysis techniques are needed here to predict the orientation of 


the anchor during its descent and especially at the point of contact 
with the seafloor. The exiting water velocity, water pressure distri- 
bution, and the anchor velocity, orientation, and angular momentum data 
are all required input to the following soil penetration/deceleration 
analysis and in turn to the anchor structural design to resist possible 


loadings during landing. 
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Soil Penetration-Deceleration Force History. After some degree of 
deceleration due to the water-cushion effect, the anchor shear keys will 
touch the seafloor and begin to displace soil as they penetrate. The 
soil pexetration generates an increasing resisting force as the shear 
keys penetrate down to stronger soils, and as greater volumes of soil 
are accelerated into motion to make way for the penetrating structure. 
Then the anchor base itself comes into contact with the soil causing 
still another change in the deceleration mode as the much greater area 
of the base begins to penetrate the seafloor. 

This soil-penetration/anchor-deceleration interval must be analy- 
tically described and modeled to obtain the load distribution on the | 
anchor ducing penetration. These data along with the inertial force 
distribution are necessary to structurally analyze and design the anchor. 
Development of an analytical model treating the ideal case of horizontal 
anchor and horizontal seafloor appears an appropriate first step. °: 
Physical modeling would follow to improve the analytical model._ Then 
this analytical model would be altered to include the case of the per- 


turbed anchor and the sloping seafloor. 


Structural Analysis and Design. Once the anchor, soil, and water 
forces are known and understood, then the development of structural 


analysis and design techniques for the anchor can proceed. Structural 
design concepts will make optimum use of materiais and fabrication labor 
while maintaining the stable hydrodynamic design. Also in this element, 
the adequacy of the structural design to resist forces during transport, 
offloading from a barge, and its service life will be determined. 

&t the conclusion of this final element of the technology develop- 
ment phase, the tools will be in hand for the analysis and design of 
prototype OTEC anchor systems. These tools will have been validated by 
tests with reliably scaled models (preliminary information indicates 
dimensional scaling of 1:30 is appropriate). Validation of the analytic 
technique and demonstration of the concept by a full-sized, prototype 
anchor will be the next step in ERDA development of the OTEC anchor 


system. . 
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_ Demonstration Anchor 


Transfer of the free-fall-emplaced, deadweight anchor technology 
to industry will require a demonstration of the anchor concept using a 
near-prototype~scale anchor. This demonstration anchor system would 
probably be designed for and utilized as a mooring for the planned 5 MWe 
OTEC Pilot Power Plant. The following te:.t elaborates on this demonstra- 


tion phase. 


Design Anchor. A suitable test-site/construction-site combinaticn 
would be selected. All available data on the proposed anchor test site 
would be collected and evaluated to develop a preliminary profile of 
soil engineering properties with depth and a preliminary picture of 
areal variation. A set of anchor requirements would be selected to fit 
the test requirements, and a preliminary design prepared using the 
analytical model developed. Concurrently, a site survey would be made, 
if necessary, to enhance the geotechnical data bank and to provide 
additionai quantitative input for the demonstration anchor final design. 
The preliminary anchor design would then be reviewed in light of the 


necessary specific site data and a final workin« esign prepared. 


* 


Fabricate Anchor, U-joint, Mooring Line, and Instrumentation. When 


a final design has been reached for the demonstration anchor, then 


fabrication of mooring components by selected contractors can begin. 


Fabrication of the anchor would probably be accomplished in a shipyard. 


Buecause this report is directed toward anchors for OTEC, 
other parts of the total mooring have not been mentionea, 
aithough these parts — e.g., mooring line, buoyancy elements, 
U-joint — have all had an impact on the final anchor recom- 
mendations. The mooring line would probably be braided 
synthetic with syntactic roam buoyant elements attached 
along the lower part of the line to make that lower part 
positively buoyant. The U-joint, located between the moor- 
ing line and the anchor, would draw on those designs that 
have been service-proven in single-point moorings for tanker 
loading/unloading. 
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The instruments required to monitor anchor performance would require 
careful conceptual and preliminary design before fabrication is initi- 
ated. The U-joint and mooring linc would be contracted to experienced 


manufacturers. 


Transport and Install Anchor. After the anchor is fit with its 
instrumentation and, possibly, the U-joint and mooring line installed, 
the anchor would either be floated out using attached buoyancy tanks or 
it would be loaded onto a launching barge for sea transport. If trans- 


ported in a self-floating mode the anchor would be supported by several 


~ integral or attached air-filled buoyancy tanks. All facets of the 


anchor installation ard mooring line deployment would be carried out to 
complete the demonstration. The attached instrumentation should monitor 
the anchor behavior during free-fall descent and during landing on the 
seafloor. Arrangements should be made for visual inspection of anchor 


attitude and condition shortly after the landing. 


Test Anchor. Full testing of the mooring system will require two 
efforts: (1) a long-term serviceability test of the mooring system, and 
(2) a short-term proof loading of critical mooring system components. 

The purpose of the long-term serviceability test is to demonstrate 
the durability of the mooring system components (especially the mooring 
line, U-joints, and swivels) in a near-prototype-size installation and 
to verify the station-keeping performance of the mooring system in 
response to those wind, current, and wave forces that do occur during 


the l-yr minimum test period. This mooring system test is expected to 


_be a part of the 5-MWe OTEC pilot power plant installation. In the 


event such a combined mooring and 5-MWe platform test is not advisable 
due to other OTEC program constraints, then the mooring system could be 
tested under the load of some other suitable surface platform acting as 
a dummy load. 

Unfortunately, this long-term load test — with the 5-MWe pilot 
plant or a dummy surface platform — will not verify the ultimate load 
capacity and probably will not demonstrate whether the mocring system 


can resist the design load, because the design storm required to suprly 
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the foading will probably noe occur during the test period. Contro!led 
loading of the mooring system in deep water, at an acceptable site for a 
serviceability test, would require a number of ocean-going tugs, would 

be very difficult to achieve, and would be economically unjustified. 
Instead, the design load capacity of the mooring system should be demonstra- 
ted by: 


1. Proof loading of mooring line specimens and U-joints and swivels 
in a terrestrial test facility before and after deployment in the service- 


ability test 


2. Very limited model anchor testing, using the l-m-diameter model 
from the hydrodynamic tests, to verify the assumed soil deformation 
patterns under various combinations of lateral and vertical load in both. 

| 


clays and sands 


It is possible, of course, to determine the ultimate lateral hold- 
ing capacity of the anchor by placing the anchor in a nearshore location 
where the required lateral load could be supplied by winches tied to 
deadmen, with both established on terra firma. The anchor coultébe both 
lowered to the shallow seafloor (e.g., 10 to 20 m) and recovered, using 
attached tanks of compressed air for varying the buoyancy. Such a test 


of ultimate loed capacity is at tnis time considered not cost effective. 


Recommend Practice. Following demonstration of this free-fall 
anchor technology to industry, this technology should be documented, 
difficulties noted, and possible solutions indicated. This guide for 
practice should include details on optimum shear key configuration, 
thoughts on when to consider scour protection and approaches to cor- 
recting potential scour problems, and thoughts on in-place ballasting of 
the deadweight anchor to increase its load capacity. Possibly this 
recommended practice guide could offer severzl "Standard" free-fall 
anchor designs. The standard anchor designs would be established to 
accommodate a particular near-surface seafloor soil condition and a 
particular loading condition. Standardized anchor designs should reduce 
overall costs by eliminating the cost of repeated, individual design for 
each anchor and by providing for standardization or reuse of some, fabrica- 


tiom and forming items. 
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Summary 


The plan for development of OTEC anchors (illustrated in Figure 7) 
is arranged to complete installation of the demonstration, free-fall- 
emplaced, deadweight anchor by April 1980. The demonstration anchor is 
thus scheduled to be available to serve in'the mooring system for the 
proposed 5-MWe OTEC pilot power plant. This plan goes far beyond the 
anchor itself — to the fabrication and testing of a complete mooring 
leg, because it is the total mooring leg that makes a meaningful, usefnl 
package. 

Certain points demand special reference. First, the proposed 
schedule is very tight. To meet the mooring installation date of April 
1980, technology development for the free-fall anchor must be initiated 
in early October 1977. Second, the plan, specifically the cost figures, 
assumes a single-point moor. Fouling of the mooring line on the cold 
water pipe during slack loading periods is assumed to be minimized by 
equipping the plant with an under-rated dynamic positioning system to 
keep the plant outside a minimum radius watch circle. The cost estimate 


does not include the cost of the under-rated dynamic positioning system. 


Third, the plan assumes that mooring line loads are sufficiently low 


that they can be safely resisted by near off-the-shelf designs for line, 
line terminations, U-joints, and swivels — i.e., design loads are less 
than 3 MN (0.7 x 10° lb) -— safety factor of 3 assumed on 0.25-m (10 in.) 
diameter braided synthetic. If higher loads are to be applied, then 
costs and probably the time duration of the mooring plan will increase 
to accommodate required line development and hardware engineering. 

The plan for development calls for installation of the mooring 
during March 1980, to be completed to receive the 5-MWe pilot plant ia 
April. Close monitoring of performance of this. mooring system will 
continue for about 12 months, after which a periodic inspection schedule 
would be set up. Results of this anchor/mooring demonstration will be 
evaluated with adequate time remaining for design, fabrication, trans- 
port, and installation of a prototype anchor to serve in the mooring for 
the planned 25-MWe OTEC in early 1983. 
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CONCLUSIONS AND RECOMMENDATIONS 


The free-fall emplaced, deadweight anchor is the best anchor type 
for use with OTEC at all potential OTEC power plant sites except pos- 
sibly for those few with exposed hard rock seafloors. Technology develop- 
ment for the free-fali-emplaced anchor should be initiated during October 
1977 to ensure installation of the demonstration anchor by April 1980. 
The recommended start-date is also necessary to ensure subsequent fabrica- 
tion, transport, and installation of a prototype anchor in January 1983 
to serve in the mooring system for the proposed 25 MWe OTEC demonstra- 


tion power plant. 
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: environment, Phase I. 


(d) Deadweight 


(b) Drag Embedment 


Figure 3. Anchor groups considered. 
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Orleans. Belle Chasse L.A; PWO Belle Chasse. LA: PWO Key West FL; PWO, Glenview IL; SCE Norfolk, VA 

NATL RESEARCH COUNCIL Naval Studies Board. Washington DC 

NAVACT PWO, London UK 

NAVAEROSPREGMEDCEN SCE. Pensacola FL 

NAVAL FACILITY PWO, Barbados; PWO, Centerville Bch, Ferndale CA 

NAVCOASTSYSLAB CO, Panama City FL: Code 715 J. Mittleman) Panama City, FL: Library Panama City, FL 

NAVCOMMAREAMSTRSTA SCE Unit t Naples Italy 

NAVCOMMSTA Code 401 Nea Makn, Greece: PWO. Exmouth, Australia 

NAVCONSTRACEN CO(CDR C.L. Neugent), Port Hueneme. CA 

NAVEDTRAPRODEVCEN Tech. Library 

NAVELEXSYSCOM Code PME-124-61. Washington DC 

NAVENVIRHLTHCEN CO. Cincinnau. OH 

NAVEODEFAC Code 605, Indian Head MD 

NAVEACENGCOM Code 043 Alexandna, VA: Code 044 Alexandna, VA; Code 0451 Alexandria, VA: Code 0453(D. 
Potter) Alexandma, VA: Code 0454B Ale uindria, Va; Code 04B3 Alexandra, VA; Code 04B5 Alexandria. V A, 
Code 101 Alexandra, VA: Code 10133 (J. Leimants) Alexandna, VA; Code 1023 (T. Stevens) Alexandna, VA; 
Momison Yap, Caroline Is.; PC-22(E. Spencer) Alexandna, VA; PL-2 2 Ponce P.R. Alexandna, VA 

NAVEACENGCOM - CHES DIV. Code FPO-1 (C. Bodey) Wash. DC; Code FPO-1 (Ottsen) Wash, DC; Code 
EPO-IC2 Wash. DC: Code FPO-1P4 (Gregory); Code FPO-1SP (Dr. Lewis) Wash, DC; Code FPO-1SP13 (TF 
Sullivan) Wash. DC; Code FPO-IP12 (Mr. Scola), Washington DC 

NAVEACENGCOM- LANT DIV.; Eur. BR Deputy Du. Naples Ituuly: RDT&ELO 09P2. Norfolk VA 

NAVEACENGCOM - NORTH DIV. (Boretsky) Philadelphia, PA: CO: Code 1028, RDT&ELO, Philadelphia PA; 
Design Div. (R. Masino), Philadelphia PA; ROICC. Contracts, Crane IN 
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NAV FACENGCOM - PAC DIV. Code 09DG (Donovan). Peart Harbor, HI; Code 402. RDT&E, Pearl Harbor HI, 
Commander, Pearl Harbor, HI 
NAV FACENGCOM - SOUTH DIV, Code 90. RODTK&ELO, Charleston SC 
NAVEFACESGCOM - WEST DIV. Code (4B; O9P/20; RD TX ELO Code 2011 San Bruno, CA 
NAVEACESGCOM CONTRACT Eng Di dir, Southwest Pac, Manila, Pl; OICC, Southwest Pac, Manila, PI 
NAVHOSPLT R. Elsbernd, Puerto Rico 
NAVNUIWRU MUSE DET Cody NPU80(ENS W. Morrison), Port Hueneme CA 
NAVOCEANO Code 1600 Bay St. Louis, MS, Code 3408 (J. Kravitz) Bay St. Louis 
NAVOCEANRADACT Code 450 Bay St. Lous MS 
NAVOCEANSYSCEN Code 409 (D. G. Moore), San Diego CA: Code 4473 Bayside Library, San Diego. CA: Code 52 
(H. Talkington) San Diego CA; Code $214 (0H. Wheeler), San Diego CA; Code 5224 (R Jones) San Diego CA: Code 
S311) (CE. Hamilton) San Diego CA: Code 6505 (J. Stachiw), San Diego. CA: Code 6865 (Tech. Lib.) San Diego 
CA: Code 7511 (PWO) San Diego, CA 
NAW PGSCOL D. Leipper. Monterey CA; E. Thorton, Monterey CA; J. Garson Monterey CA 
NAV PHIBASE CO, ACB 2 Norfolk. VA; Code S3T, Norfolk VA, Harbor Clearance Unit Two, Little Creek, VA: 
OIC, UCT ONE Norfolk, Va 
NAVREGMEDCEN SCE (D. Raye) 
NAWSEASYSCOM Code OOC (LT R. MacDougal), Washington DC; Code SEA OOC Washington, DC 
NAWSEC Code 603 (Library), Washington DC; Code 715 (J. Quirk) Panama City, FL 
NAVSHIPREPFAC Library, Guam: SCE Subic Bay 
NAWSHIPYD Code 202.45, Long Beach CA: Code 40 Ponssmouth NH: Code 440, Puget Sound. Bremerton WA; Code 
440.4. Charleston SC: PWD(LT N-B. Hall), Long Beach CA: Salvage Supt. Phila... PA 
NAVSTA CO Naval Station, Mayport FL: CO Roosevelt Roads P.R. Puerto Rico; PWD(LTJG P.M. Motodlenich), 
Puerto Rico; PWD/Engr. Div, Puerto Rico; PWO Midway Island; PWO. Keflavik Iceland; PWO, May port FL: 
PWO, Puerto Rico: SCE. Guam; SCE, Subic Bay. RP. 
NAVSTA BISHOPS POINT Harbor Clear. Unit one, Pearl Harbor, HI 
NAWSUPPACT Code $13, Seattle WA: LTIG MeGarrah, Vallejo CA; Secunty Offr, San Francisco, CA 
NAVSURFWPNCEN PWO., White Oak, Silver Spring, 21D 
NAVTECHTRACEN SCE, Pensacola FL 
NAV WPNCEN Code 2636 (W_ Bonner), China Lake CA 
NA‘ WPNSTA PW Office (Code 09C1) Yorktown. VA: PWO, Seal Beach CA 
NAWVWPNSUPPCEN Code 09 (Boennighausen) Crane IN 
NAV XDIVINGU LT A.M. Pansi, Panama City FL 
NCBU 405 OIC, San Diego. CA 
WPNSTA EARLE Code 092. Colts Neck X 
NCBC CEL(CAPT N. W. Petersen), Pot neme. CA; CEL AOIC Port Hueneme CA: Code 10 Davisville, RI: 
Code i $5, Port Hueneme CA 
NOAA Libranes Div. - D823, Silver Spring. MD 
NRL Code 8400 (J. Walsh), Washington DC: Code 8441 (R.A. Skop), Washington DC; Rosenthal, Code 8440, Wash. 
DC 
NSD SCE, Subic Bay, R.P. 
NAVOCEANSYSCEN Hawai Lab(D. Moore), Hawaii 
NUSC Code 131 New London, CT; Code EA123(R.S. Munn), New London CT; Code $332. B-80 (J. Wilcox): Code 
TAI31(G. De la Cruz), New London CT 
OCEANAV Mangmt Info Div.. Arlington VA 
OCEANSYSLANT LT A.R. Giancola. Norfolk VA 
ONR CDR Harlett, Boston MA 
NORDA Code 440 (Ocean Rsch. off) Bay St. Louis. Ms 
ONR BROFF, CO Boston MA; Code 481. Arlington VA; Code 700F Arlington VA; Dr. A. Laufer, Pasadena CA 
PMTC EOD Mobile Unit. Point Mugu, CA; Pat. Counsel. Point Mugu CA 
PWC CO Norfolk. VA: CO, Great Lakes IL; Code 116(LTJG. A. Eckhart) Great Lakes, IL; Code 120C (Library) San 
Dicgo. CA: Code 128. Guam: Code 200, Great Lakes IL; Code 220.1, Norfolk VA: Code 30C (Boettcher) San 
Diego. CA: OIC CBU-0S, San Diego CA 
U.S. MERCHANT MARINE ACADEMY Kings Point. NY (Repnnt Custodian) 
US GEOLOGICAL SURVEY Off. Marine Geology. Mailstop 915, Reston VA 
US NAVAL FORCES Korea (ENJ-P&O) 
USCG(G-ECV/61) (Burkhart) Washington, DC: G-EOE-4/61 (T. Dowd), Washington DC; MMT-4, Washington DC 
USCG ACADEMY LTN., Stramandi, New London CT 
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USCG R&DCENTER CO Groton, CT; D. Motherway. Groton ct 

USNA Ocean Sys. Eng Dept (Dr. Monney) Annapolis, MD; PWD Engr. Div. (C. Bradford) Annapolis MD 

ENERGY R&D ADMIN. W Sherwood Washington, DC 

FLORIDA SOLAR ENERGY CENTER Mo TE Richling, Care Canaveral FL 

FRANCECG Dons(P Tuille) Paris 

GERMANY Blohm & Voss AG (Koenig) Hamburg: Howaldswerke-Deutsche-Weret AG Hamburg 

GIBBS & COX INC. R Scott Arlington VA 

GILBERT ASSOCIATES, INC. S Griffith Washington, DC 

GLOBAL MARINE DEVELOPMENT INC. H Ramsden Newport Beach CA 

LOCKHEED MISSILE & SPACE COH Smith Sunnyvale. CA: L Trimble Sunnyvale, CA; R Waid Sunnyvale, CA 

NAVEFACENGCOM PC2(E Silva) Washington, DC 

NAVSURFWPNCEN White Oak Lab (C Cleland) Silver Spnng MD 

NOAA Office of Ocean Engrng (McGuinness) Rockville MD 

ROSENBLATT & SON INC. E Kaufman San Francisco, CA; N Mantar New York NY 

SFANFORDRSCH INSTITUTE Dr S Kohan Mento Park Ca 

TRW SYSTEMS DSSG (R Douglas) Redondo Beach. CA 

UNITED KENGDOM (Capt N Murray) Shell Explor & Prod LTD Aberdeen Scotland; Bruce Anchor LTD (P Bruce) 
Edinburgh Scotland: New Hook Anchors LTD FCM Boshovwers Jersey Channel Islands 

UNIVERSSTY OF HAWAII T. Lee Look Lab of Ocean Engmeg Honolulu HI p | 

CALIF. DEPT OF NAVIGATION & OCEAN DEV. Sacramento, CA (G. Armstrong) | 

CALIF. MARITIME ACADEMY Valleyo. CA (Library) | 

CALIFORNIA INSTITUTE OF TECHNOLOGY Pasadena CA (Keck Ref. Rm) 

CALIFORNIA STATF UNIVERSITY LONG BEACH, CA(CHELAPATI); LONG BEACH. CA(YEN) 

CATHOLE® UNIV. Mech Engr Dept, Prof. Nicdzwecki, Wash., DC 

CITY OF CERRITOS Cerritos CA UJ. Adams) 

COLORADO STATE UNIV., FOOTHILL CAMPUS Fort Collins (Nelson) 

DUKE UNIV MEDICAL CENTER B. Muga, Durham NC; DURHAM, NC(VESIC) F 

FLORIDA ATLANTIC UNIVERSITY BOCA RATON, FL (MC ALLISTER); Boca Raton FL (Ocean Engr Dept... C. 
Lin) 

FLORIDA ATLANTIC UNIVERSITY Boca Raton FL (W. Tessin) 

FLORIDA TECHNOLOGICAL UNIVERSITY ORLANDO, FL (HARTMAN) 

IOWA STATE UNIVERSITY Ames 1A (CE Dept, Handy) 

LEHIGH UNIVERSITY BETHLEHEM. PA(MARINE GEOTECHNICAL LAB.. RICHARDS); Bethlchem PA 
(Linderman Lib. No. 30, Flecksteiner) 

LIBRARY OF CONGRESS WASHINGTON, DC (SCIENCES & TECH DIV) 

MAINE MARITIME ACADEMY (Wyman) Castine ME: CASTINE, ME(LIBRARY) 

MICHIGAN TECHNOLOGICAL UNIVERSITY Houghton, MI (Haas) 

MIT Cambsidge MA: Cambridge MA (Rm 10-S00, Tech. Reports, Engr. Lib.) 

NATL ACADEMY OF ENG. ALEXANDRIA, VA(SEARLE. JR.) 

OREGON STATE UNIVERSITY (CE Dept Grace) Corvallis, OR; CORVALLIS, OR ‘CE DEPT. BELL): Corvalis 
OR (School of Oceanography) 

PENNSYLVANIA STATE UNIVERSITY STATE COLLEGE, PA (SNYDER) 

PURDUE UNIVERSITY Lafayette. IN (Altschaeffl) 

SOUTHWEST RSCH INST J. Maison, San Antonio TX; R. DeHart, San Antonio TX 

STANFORDUNIVERSITY Engr Lib. Stanford CA; STANFORD, CA (DOUGLAS) 

STATE UNIV. OF NEW YORK Buffalo. NY 

TEXAS A&M UNIVERSITY COLLEGE STATION, TX{CE DEPT): College TX (CE Dept. Herbich) 

UNIVERSITY OF CALIFORNIA BERKELEY. CA(CE DEPT. GERWICK): BERKELEY, CA(OFF. BUS. AND 
FINANCE, SAUNDERS): Berkeley CA (Dept of Naval Arch.): Berkeley CA (E. Pearson): La Jolla CA (Acq. 
Dept, Lib C-O7SA), Los Angeles CA (Engr I, K. Lee, , d eee 

UNIVERSITY GF DELAWARE LEWES. DE(DIR. OF MARINE OPERATIONS, INDERBITZEN): Newark, DE 
(Dept of Civ.] Engineering, Chesson) 

UNIVERSITY OF HAWAIL HONOLULU. HI (SCIENCE AND TECH. DIV.) 

UNIVERSITY OF '!LLINOIS Metz Ref Rm. Urbana lL; URBANA, IL (DAVISSON); URBANA, IL (LIBRARY); 
URBANA, IL(NEWARK) 

UNIVERSITY OF MASSACHUSETTS (Heronemus), Amherst MA CE Dept 

UNIVERSITY OF MICHIGAN Ann Arbor MI (Richart) 

UNIVERSITY OF NEBRASKA-LINCOLN Lincoln, NE (Ross Ice Shelf Proj.) 
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UNIVERSITY OF NEW H.4M PSHIRE DURHAM, NH(LAVOIE) a 
USIVERSITY OF RHODE ISLAND KINGSTON, RI(PAZIS) 
EINIVERSITY OF SO. CALIFORNIA Univ So. Calif 

UNIVERSITY OF TEXAS Inet. Manne Sci (Library). Port Arkansas TX 


UNIVERSITY OF & ASHING FON Scattle WA(M. Sherif); SEATTLE, WA (APPLIED PHYSICS LAB); SEATTLE, 


WA(MERCHANT?: SEA TILE, WA(OCEAN ENG RSCH LAB, GRAY), SEATTLE. WA(PACIFIC MARINE 
ENVIRON. LAB. HAL PERN», Seattle WA(E. Linger) 

ALEFREDA. YEE & ASSO®) Honolulu HI 

ARCAIR CO. D. Young, Lascuster OH 

ATLANTIC RICHFIELDCU. DALLAS. TX (SMITH) 

AUSTRALIA Dept. PW(A hicks), Melbourne 

BECHTEL CORP SAN FRANCISCO. CA (PHELPS) 

BELGIUM HAECON.S W Gent 

BETHLEHEM STEEL CO. SF THLEHEM., PA(STEELE) 

BRANDINDUS SEKV INC. J. Buehler. Hacienda Heights CA 

BROWN & ROUT Houstes §X (D. Ward) 

CANADA Cas-Dive Sem ses (English) North Vancouver; Library. Calgary. Alberta: Lockheed Petro. Serv. Lid. New 
Westminier B.C; Lovaheed Petrol. Srv. Ltd.. New Westminster BC, Mem Univ Newfoundland (Chari), St Johns; 
Surveyor. Nenrsager & ( heneven Inc.. Montreal 

CF BRAUN CO Du Bouchet, Murray Hill, NJ 

CHEVRON OIL FIELD #£ SEARCH CO. LA HABRA. CA (BROOKS) 

CONCRETE TECHNOLOGY CORP. TACOMA, WA (ANDERSON) 

DILLINGHAM PRECAST F. McHale, Honolulu HI 

DRAVO CORY? Putsburgh PA (Gicanino); Pittsburgh PA (Wright) 

NORWAY DET SORSKE VERITAS (Library), Oslo 

EVALUATION ASSOC. iNC KING OF PRUSSIA, PA(FEDELE) 

EXXON PRODUCTION &£& SEARCH CO Houston, TX (Chao) 

FRANCE L. Phin. Pane. Roger LaCroin, Pans 

GLOBAL MARINE DEVELOPMENT NEWPORT BEACH, CA(HOLLETT) 

GOULDINC. Shady Side MD (Ches. Inst. Div., W. Paul) 

HALEY & ALDRICH. 1%C. Cambndge MA (Aldrich. Jr.) 

ITALY M. Casrona. Miss: Sergio Tatton Milano 

LIN OFFSHORE ENGRG P. Chow, San Francisco CA 

LOCKHEED MISSILES & SPACE CO. INC. L. Timble, Sunnyvale CA; Mgr Naval Arch & Mar Eng Sunnyvale, 
CA: Sunmvate CA (KR yaewicz); Sunnyvale, CA (Phillips) 

MARATHON OIL CO Houston TX (C. Seay) 

MC CLELLANDENGIEE ERS INC Houston TX (B. McClelland) 

MEXICOR. Cardenas 

MOBIL PIPE LINE CO. DALLAS, TX MGR OF ENGR(NOACK) 

NEWPORT NEWS SHIFBLDG & DRYDOCK CO. Newport News VA (Tech. Lib.) 

NORWAY A. Tocum. Trendherm; DET NORSKE VERITAS (Roren) Oslo, J. Foss. Oslo; J. Creed, Ski: Norwegian 
Tech Unn (Brandtzsce), Trondheim 

OCEAN DATASYSTES, INC. SAN DIEGO, CA (SNODGRASS) 

OCEAN ENGINEERS SAUSALITO. CA(RYNECKI) 

OCEAN RESOURCE E®G_ INC. HOUSTON, TX (ANDERSON) 

OFFSHORE DEVELOPMENT ENG. INC. BERKELEY.CA 

PACIFIC MARINE TECH NOLOGY LONG BEACH. CA(WAGNER) 

PORTLANDCEMENT ASSOC. SKOKIE, IL (CORELY); Skokie IL (Rsch & Dev Lab, Lib.) 

PUERTO RICO Pueno Bico (Rsch Lib.), Mayaquez PR 

RJ BROWN ASSOC (M4. Keehan), Houston, TX 

RAYMONDINTERNATIONAL INC. CHERRY HILL, NJ (SOILTECH DEPT) 

SCHUPACK ASSOC SO) NORWALK. CT (SCHUPACK) 

SEATECH CORP. MIAMI, FL (PERONI) 

SHELL DEVELOPME®s T CO. Houston TX (C. Sellars Jr.); Houston TX (E. Doyle) 

SHELL OIL CO. Hawsten 1X (R. de Castongrene) 

SOUTH AMERICA N. Souet. Valencia, Venezuela 

SWEDEN ¥ BBt Library 2. Stockholm 

TIDEWATER CONSTR. CO Norfolk VA (Fowler) 
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